In this work, Zn(CH 3 COO) 2 · 2 H 2 O with AgNO 3 content from 0 to 6 mol% was solvothermally treated at 120°C for 18 h in the presence of poly(vinyl pyrrolidone), ethylene glycol and sodium hydroxide. The structural, microstructural and photocatalytic properties of the unmodified and Ag modified ZnO powders have been investigated by the XRPD, FESEM, TEM, UV-vis, Raman and BET techniques. The Ag modified samples consist of ZnO nanocrystals and metallic Ag on the surface. The average crystallite size of all samples was about 20 nm. The FESEM revealed the uniformity in size and approximately spherical shape of ZnO nanoparticles. The BET data suggest that all prepared samples are mesoporous. All prepared samples showed higher photocatalytic efficiency in the degradation of the Reactive Orange 16 (RO16) azo dye than the commercial ZnO. In addition, Ag modified ZnO powders, especially those with 1.5 and 0.75 mol% of Ag, were more efficient than the unmodified one.
I. Introduction
Today a great part of water pollution is caused by industrial waste waters, chemical or agricultural wastes. The large dyes consumption in industry is released into the waste water (usually at concentration between 10 and 200 mg/dm 3 ) [1] and this has led to a serious pollution. Nanostructured semiconducting materials present promising candidates in the field of heterogeneous photocatalysis causing a huge impact on the technology for the total degradation of various organic pollutants, including textile dyes [2] .
Between many other semiconductors [3] , ZnO appears to be the most promising photocatalyst and an appropriate alternative to TiO 2 , because it is an inexpensive, photoactive, chemically stable, easy to prepare and non-toxic material. The great advantage is that ZnO absorbs a larger part of the solar spectrum than TiO 2 . Undoped, pure ZnO was successfully applied in degradation of the following dyes: Acid Brown 14 [4] , Ramazol Red [5] , Basic Yellow Auramine O-A [6] , Acid Red 14 [7] , etc. There are only four studies [8] [9] [10] [11] where the photodegradation of RO16 dye by ZnO was attempted under different conditions.
In photocatalysis, priority is to obtain material that can be used under natural sunlight for the wastewater purification. The modification of semiconductor photocatalysts with noble metals can improve their activity by inhibiting the electron-hole recombination [12, 13] , and because nanoparticles of noble metals are able to absorb visible light due to the surface plasmon resonance (SPR) [14, 15] . Thus, the semiconductor band gap energy is reduced and photocatalyst can be active in the visible spectrum.
B. Simović et al. / Processing and Application of Ceramics 11 [1] (2017) [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Azo dyes as the largest and the most important class of organic dyes are especially used for dyeing cellulose fibers. The lack of literature data related to degradation of RO16 azo dye using ZnO or modified ZnO materials, prompted us to investigate photocatalytic activity of Ag modified ZnO. RO16 dye is widely used in the textile industry and it belongs among hazardous carcinogenic pollutants. Removal of RO16 is frequently investigated as a model system using various semiconducting materials, commonly TiO 2 , then composites, natural or synthetic adsorbents, etc.
Previous studies for some dyes, related to the use of Ag modified ZnO report contradictory results, in many cases the activity is enhanced [13, [16] [17] [18] [19] [20] [21] [22] [23] [24] , but in some it is inhibited [25, 26] . However, there is no research dealing with degradation of RO16. The differences in their photocatalytic activity are probably associated to the: synthesis procedure, calcination temperature, nanoparticles agglomeration in dye solution, or metal content and its dispersion. For all these reasons, the investigations concerning photodegradation of RO16 using Ag/ZnO are of increasing importance.
Unlike novel solution methods, as hydrothermal and solvothermal processing, there are many physical and chemical methods for preparation of photocatalysts. Physical methods usually demand an expensive equipment and complex processing. In recent decades, the aim is the optimal energy consumption and the development of environmentally friendly materials. The main advantage of the solvothermal method is obtaining oxides in a single-step process, which eliminates the need for subsequent calcination and grinding. Another advantage is the usage of inexpensive precursors and a simple apparatus. Therefore, the solvothermal technique with its own characteristics has taken an important role in research [27] . It is still a challenge, because there are no exhaustive studies on the solvothermal synthesis that is suitable for preparation of Ag/ZnO nanoparticles of desired size, shape and properties.
The aim of this study was to obtain nanocomposite powder consisting of metallic Ag homogeneously dispersed onto surface of ZnO nanoparticles. Design of such nanocomposite should provide an increase in efficiency in the photodegradation of dye. In this work, solvothermally prepared unmodified and Ag modified ZnO nanopowders were compared with the commercial ZnO for their efficiency in the photodegradation of RO16 dye in aqueous solution, using imitated sunlight illumination. Optimization of Ag content is also presented. Ag/ZnO nanopowders obtained by this simple and low-cost method have shown a high efficiency for azo dye photodegradation and represents a promising alternative for the wastewater treatment.
II. Experimental

Solvothermal preparation
To prepare the precursor, 1.32 g of poly(vinyl pyrrolidone) (PVP -Sigma Aldrich) as surfactant was dissolved in 55 ml of ethylene glycol (EG -Carlo Erba) and then 2.64 g of solid Zn(CH 3 COO) 2 · 2 H 2 O (Sigma Aldrich) was slowly added into the solution. All chemicals were of analytical grade and used without further purification. The resulting mixture was stirred, followed by the addition of 1.32 g of solid NaOH. An aliquot of 65 ml of the white mixture was treated solvothermally using a Teflon-lined stainless steel autoclave (V = 75 ml) at 120°C for 18 h under autogenous pressure. After spontaneous cooling to room temperature, the white precipitate at the bottom of the autoclave was washed several times with distilled water and alcohol, and dried at 105°C for 3 h. The obtained unmodified ZnO powder (0% Ag/ZnO) was white coloured as expected.
For preparation of Ag modified ZnO photocatalysts (Ag/ZnO), 1.32 g of PVP was dissolved in 55 ml of EG and then the Zn(CH 3 COO) 2 · 2 H 2 O with different AgNO 3 (Laphoma) content (0.75, 1.5, 3 and 6 mol%) was stirred with 1.32 g NaOH. The brown precursor mixture was further treated in the same way as described above. The colour of the obtained Ag/ZnO catalysts was olive-green being slightly lighter with increasing Ag content.
Characterization of photocatalysts
The X-ray powder diffraction (XRPD) has been used for the identification of crystalline phases and calculation of crystallite size and strain. The XRPD patterns were collected over the range 25°< 2θ < 90°on an Ital Structures APD2000 X-ray diffractometer using CuKα radiation (λ = 1.5418 Å) with the step size of 0.1°and the counting time of 10 s/step.
The size and morphology of the prepared nanoparticles were characterized using field emission scanning electron microscopy (FESEM, Tescan Mira X3) and transmission electron microscopy (TEM, JEOL, Model 2100) equipped with an EDS attachment.
The specific surface area and the pore size distribution (PSD) of prepared ZnO specimens were analysed using the Surfer (Thermo Fisher Scientific, USA). PSD was estimated by applying BJH method [28] to the desorption branch of isotherms and mesopore surface and micropore volume were estimated using the t-plot method [29] .
Micro-Raman scattering measurements were performed in the backscattering geometry by a Jobin-Yvon T64000 triple spectrometer, equipped with a confocal microscope and a nitrogen-cooled CCD detector. The Raman spectra of powders pressed into pellets were excited by VerdiTM G-Series Optically Pumped Semiconductor Laser operating at 532 ± 2 nm with output power of ∼50 mW. The spectral resolution of the Raman system was ∼2 cm -1 . All spectra were collected at room temperature in air (using 50× magnification objectives, with exposure time of 600 s) and then calibrated against the strongest Raman band of polished Si wafer (at ∼520.6 cm -1 ). Diffuse reflectance UV-vis spectra, in the region of 200-800 nm with BaSO 4 as an internal standard, were B. Simović et al. / Processing and Application of Ceramics 11 [1] (2017) [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] recorded employing a Shimadzu UV-2600 spectrophotometer with an integrating sphere.
Photocatalytic experiments
Photodegradation was performed using an open reactor (volume 100 ml) in a dark chamber equipped with an Osram Ultra-Vitalux 300 W lamp, which, according to the specification, produces radiation similar to the radiation of natural sunlight. The light intensity of lamp was measured using Voltcraft PL-110SM Solar Radiation Measuring Instrument and found as 300 W/m 2 . The lamp was placed 35 cm away from the surface of the dye solution. Constant mixing and temperature (20°C) of the solution was maintained during the experiment. The photodegradation of Reactive Orange 16 (RO16 Sigma Aldrich) was studied by mixing 50 ml of an aqueous solution containing dye (50 mg/dm 3 ) and ZnO catalyst (100 mg). The homogenous suspension left in the dark for 30 min to achieve adsorption equilibrium. Subsequently, the lamp was switched on and after every 15 min of irradiation the solution (3 ml) was sampled. The residual concentration of dye was determined using a UV-vis spectrophotometer (Shimadzu 2600) after separation of the solution by a Whatman 0.45 µm membrane filter. The absorption spectra and rate of photodegradation were observed in terms of the absorbance change at the peak maximum of the dye (λ max = 492.5 nm). The commercial ZnO (MKN-ZnO-020, with a primary diameter of 20 nm and surface area of 50.72 m 2 /g [30] , according to the producer's specification), was treated in the same way for comparison. The selection of commercial ZnO was based on the similarity of the diameter of particles to that of prepared photocatalysts.
III. Results
Structural characterization
The XRPD patterns ( Fig. 1) showed that the predominant phase in all samples is ZnO, which crystallizes in the hexagonal wurtzite structure with P63mc (no. 186) space group (PDF card number 80-0074). It can be seen that the diffraction peaks belonging to Ag start appearing at the 1.5% Ag/ZnO, becoming more visible in samples with 3 and 6% of Ag content. Metallic Ag crystallized in common face-centred-cubic structure (PDF card number 65-2871). No other phases, such as Zn(OH) 2 , or from the silver-oxygen system (Ag 2 O, AgO, etc), could be detected [16, 20] . The main XRD peaks 111 and 200 [23] due to Ag phase increased from the 1.5 to 6% Ag/ZnO sample. The unit cell parameters and volumes, together with an average crystallite size and strain of ZnO calculated using Williamson-Hall (W-H) method [31] are shown in Table 1 . There was no substantial shift of experimental peaks confirming a negligible difference in the unit cell parameters and volumes of all prepared samples. This indicates that Zn 1-x Ag x O 1 solid solutions were not formed, but suggests that Ag was dispersed onto ZnO surface. Insignificant strain of prepared samples was probably due to the low concentration of defects meaning that the obtained structures were well ordered. This is not true for commercial sample where the manner of preparation is not known. In general, the average crystallite size of all samples was around 20 nm. Table 1 . The summarized results of characterization: the unit cell parameters (a and c) and volumes (V), the average crystallite size (D) and strain estimated by W-H method, the band gap energy (E g ), the specific surface areas calculated by BET and t-plot method (S BET = S meso ), the median pore radius (r med ), the reaction rate constant (k) and the corresponding correlation coefficients (R nanoparticles with approximately spherical shape creating very soft agglomerates. The average particle size was around 25 nm for all samples. Only in the sample with 6% of Ag ( Fig. 2a) one can see large particles of Ag with diameter >50 nm. The back-scattered mode of FESEM, an imaging mode that accents atomic number contrast, confirmed that silver dispersion (arrowed) was located onto ZnO matrix (Fig. 3) , simultaneously presented as nanoparticles and clusters. Figure 3 suggests that the increased Ag content leads to grouping of Ag particles. It was noticed that the samples with a lower Ag content (Figs. 3c and 3d) had a better distribution and smaller Ag particles over ZnO surface than in the case of the 3% Ag/ZnO and 6% Ag/ZnO samples; Ag particles are grouped at high Ag-content (Fig. 3a) . This could cause negative effects, such as light blocked by the large Ag particles and the unequal distribution of Ag on ZnO, which result in the decrease of photocatalytic activity. Similar results were found for Ag doped TiO 2 [32, 33] .
From TEM images in Fig. 4 we estimated an average particle size of approximately 20 nm. Also, in HRTEM images one can see that the whole particle of ZnO has the same orientation, i.e., the whole particle is one crystallite. Thus, an excellent agreement exists between the sizes calculated from the XRPD data and the sizes determined by TEM. It is showed (Fig. 4) that the shape of nanocrystallites was irregular spherical, or, in low percent, rounded hexagonal. In addition, the larger Ag particles were confirmed in the 6% Ag/ZnO sample (Fig.  4a) .
The high-resolution TEM (HRTEM) image of the 1.5% Ag/ZnO photocatlyst (Fig. 5a) showed the presence of ZnO (100) plane with the d spacing of 0.282 nm. The EDS analysis (Fig. 5b, inset ) of group of ZnO particles (Fig. 5b) confirmed a small presence of Ag. According to XRPD data Ag did not incorporate into ZnO lattice, so it is supposed that metallic Ag is spread over ZnO surface.
Spectral analyses UV-vis measurements
The UV-vis spectra of the samples in the diffuse reflectance mode (R) are shown in Fig. 6 . The pure ZnO samples showed the highest reflectance, while Ag/ZnO samples demonstrated lower reflectance in the visible light region. The strong optical absorption at about 370 nm is characteristic of ZnO direct band gap transition [17] . Comparing with pure ZnO, all prepared Ag/ZnO samples showed a broad band in the visible region. This band is associated with the SPR peaking around 450 nm confirming the formation of metallic Ag particles. This is in accordance with the presence of stable Ag particles dispersed on the ZnO matrix [14] .
The band gap values were calculated from the plot of the modified Kubelka-Munk function (F(R)E) 2 vs. the energy of the adsorbed light (E) [34] [35] [36] using linear fits close to the absorption edge (Fig. 7) . The literature data for the optical band gap of pure ZnO show a variety of values (3.1-3.4 eV) [37] , but these values were usually defined as 3.37 eV [24, 25, 38] . As seen in the Kubelka-Munk plots, the absorbance edge of Ag modified samples is red shifted to the longer wavelengths in the visible region, with general narrowing of band gap in the Ag/ZnO nanocomposites ( Table 1) . As the result, the silver modifying enhanced the visible light absorption ability of the ZnO photocatalysts. On the other hand, a remarkable change of band gap with increasing the amount of Ag, was not observed.
Raman scattering measurements
The Raman features in the spectra (Fig. 8 ) of the 0% Ag/ZnO and commercial ZnO powders are ascribed to the Raman active modes of the ZnO wurtzite crystal [39] . The most pronounced features in both spectra are a narrow peak at ∼98 cm -1
and an asymmetric peak at ∼437 cm -1 , assigned to E low 2 and E high 2 Raman modes, respectively [39] . Red shift of about 1 cm -1 and broadening of these modes in comparison to the values in the bulk ZnO crystal may be a consequence of phonon confinement effect due to nanometric size of ZnO crystallites and/or lattice disorder [40] . Besides E 2 phonons, ZnO wurtzite structure is characterized by A 1 and E 1 polar phonons splitted into TO and LO phonons. In the spectra of the 0% Ag/ZnO and commercial ZnO, the peak at about 582 cm -1 can be ascribed to the combination of A 1 (LO) and E 1 (LO) modes, whereas both A 1 (TO) and E 1 (TO) modes are very weak and hardly detected. The most intensive second-order mode in low-wavenumber region at ∼329 cm -1 , is ascribed to the difference E high 2 − E low 2 whereas broad feature in the high-wavenumber region between 1050 and 1200 cm -1 contains contributions of 2A 1 (LO) and 2E 1 (LO) modes. Additionally observed features only in the spectrum of commercial ZnO: a relatively high spectrum background, lower intensity, slightly more pronounced broadening and shift of the first-order ZnO Raman modes, indicate that commercial powder is probably more disordered than unmodified ZnO powder. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] ture are also observed in the spectra of Ag/ZnO samples. Besides the Raman modes ascribed to ZnO crystal, the shoulder at ∼146 cm -1 and broad feature at ∼228 cm -1 are the most prominent in all spectra of Figure 8 . Raman spectra of the commercial and all synthesized ZnO powders in so-called fingerprint region (50-1400 cm -1 ) (inset: higher frequency region (1220-3100 cm -1 ) of Raman spectrum of 6% Ag/ZnO sample) Ag/ZnO samples. In the Raman spectra of materials containing Ag, the feature at about 146 cm -1 has been usually attributed to the Ag lattice vibrational mode (phonons) [41] , whereas most of the authors have attributed the features in the range between 220-240 cm -1 to the stretching vibrations of Ag-N and/or Ag-O bonds [42] . However, several authors have correlated mode at ∼230 cm -1 with local vibrations of Ag atoms in the ZnO host matrix [43] . Note also that Raman scattering enhancement in the Ag modified samples can be related to the localized SPR commonly seen in the samples with Ag nanoparticles under the visible laser irradiation [44] .
Several low intensity Raman features appearing in all spectra of Ag/ZnO samples can be related to the vibrational modes of organic functional groups. Most of these groups (C− −O, CH 2 , CH 3 , C(NO 2 ), CC, and/or COO) are an integral part of the starting substances used in the synthesis of Ag/ZnO powders. However, the lack of intensive modes characteristic for majority of starting compounds points to their decomposition during the synthesis process, with the exception of PVP. Namely, the occurrence of small peak at ∼926 cm -1 , shoulder at ∼1670 cm -1 and strong Raman feature with the maximum at ∼2936 cm -1 could be a consequence of the residual traces of PVP in the synthesized ZnO samples.
Adsorption isotherms -BET experiments
Nitrogen adsorption isotherms for the synthesized samples, as the amount of N 2 adsorbed as function of relative pressure at −196°C, are presented in Fig. 9a . According to the IUPAC classification [45] , isotherms of the prepared ZnO samples are of type IV with a hysteresis loop which is associated with mesoporous mate- rials. In all samples, the shape of hysteresis loop is of type H3. Isotherms revealing type H3 hysteresis do not exhibit any limiting adsorption at high P/P 0 , which is usually observed with non-rigid aggregates of plate-like particles giving the rise of slit-shaped pores [46] . Specific surface areas calculated by BET equation, S BET , are listed in Table 1 . S BET values lie within 24 and 43 m 2 /g. A systematic change of specific surface, with an increase of the Ag amount, was not observed. Samples with Ag percent between 0.75-3% had similar specific surface as unmodified ZnO. However, addition of 6% of Ag increased the overall specific surface to 43 m 2 /g. PSD of the samples (Fig. 9b) shows that samples are mesoporous with the pore radius between 2 and 50 nm. The median pore radius (Table 1) slightly decreased with an increase of Ag content. This shows that the increased Ag content causes the reduction of the pore size available for adsorption of dye molecule which could be related to the decrease of photocatalytic efficiency.
The t-plot is obtained on the basis of the standard nitrogen adsorption isotherm (Fig. 10) . The straight line in the medium t-plot region provides a mesoporous surface area including the contribution of external surface, S meso , determined by its slope, and the micropore volume, V mic , is given by the intercept. S meso values were equal as S BET t-plot analysis confirming that all samples were completely mesoporous.
Photocatalytic decolourisation of RO16 dye
The power of the samples during the dark adsorption and photocatalytic decolourisation of RO16, is shown Figure 10 . t-plots for nitrogen adsorption isotherm of the prepared samples in Fig. 11 . The same trend between dye adsorption and degradation was observed for all samples. It was also experimentally verified that there was no photodegradation of dye in UV-vis light in the absence of a catalyst. As shown, all synthesized samples had a higher adsorption efficiency and photocatalytic activity than the commercial ZnO. The order of decreasing activity was 1.5% Ag/ZnO ≈ 0.75% Ag/ZnO > 3% Ag/ZnO > 6% Ag/ZnO > 0% Ag/ZnO > commercial ZnO. The lower adsorption efficiency in the dark of the commercial ZnO could be tentatively ascribed to the slightly sintered grains (Fig. 2f ) and the existence of significant strain in this case ( Table 2 ). RO16 is a large molecule (molecular weight 617.54), hence its complete decomposition is complex and passes through many intermediate states [47] . The kinetics of photodegradation rate for most of dyes can be well described using Langmuir-Hinshelwood kinetic model [23, [48] [49] [50] . The kinetics parameters (reaction rate constants and correlation coefficients) for the photocatalytic removal of RO16 were calculated by the fitting assuming pseudo-first kinetic order of the reaction, ln(c 0 /c) = kt, where c 0 is the initial concentration of the dye (mg/dm 3 ), c is the concentration (mg/dm 3 ) at any time, t (min) and k is the reaction rate constant (min -1 ). Generally the pseudo-first kinetic order is proper for the concentration up to 60 mg/dm 3 and many studies were well fitted by this model [51, 52] . In our case, the logarithmic plots of concentration data gave a straight line (Fig. 12) . The correlation coefficients (R 2 ) for the fitted line were in the range from 0.980 to 0.998 (Table  1) . This confirmed the pseudo-first order model to describe the kinetics of RO16 degradation. The same kinetic model was used by Roselin for photodegradation of RO16 by pure ZnO [10] .
Our results proved that all Ag modified ZnO powders were more efficient than the unmodified one, while the photodegradation rate decreased at higher Ag con- tent. This is probably due to the presence of Ag clusters decreasing surface availability on the particles for dye adsorption and light absorption. For example, the samples containing 1.5 and 0.75 mol% of Ag reached the maximum photocatalytic activity with the rate constants (k) of 0.0454 and 0.0452 min -1 , respectively (Table 1) . Thus, the best prepared photocatalysts completely decolorized RO16, around 2 times faster than the commercial ZnO, probably due to the better Ag distribution over ZnO nanoparticles for these two samples (Fig. 3) .
IV. Discussion
The aim of this work was to investigate the influence of Ag on the structural, microstructural, spectral and photocatalytic properties of Ag/ZnO nanopowders that have been synthesized by using solvothermal method at 120°C for 18 h. XRPD, FESEM, TEM/EDS, UV-vis and Raman measurements confirmed the presence of ZnO nanocrystallites and metallic Ag. These analyses showed no significant difference in the crystallite and particle size, as well as in morphology between the obtained samples. The average crystallite size ∼20 nm, the average particle size ∼25 nm and approximately spherical shape of the nanoparticles were characteristic for all obtained specimens. Here, PVP, mutually with EG, played an important role in controlling the size and shape of the ZnO particles during the synthesis, causing the uniformity in size and morphology of the particles. The application of PVP as a surfactant was important for small crystallite and particle sizes and thus the use of this polymer is strongly recommended for the future research [53, 11] .
According to some previous reports, Ag can be incorporated into ZnO lattice, either as a substituent for Zn 2+ or as an interstitial atom [54] , but mostly onto ZnO surface [17, [21] [22] [23] [24] [25] 55] . It does not seem probable that Ag incorporates into ZnO because of a high difference in ionic radii between Zn Therefore, Ag particles prefer to gather on the ZnO surface [26] . Considering our XRPD results, it could be concluded that Ag atoms were not incorporated into the ZnO lattice, or if so, then it was below the limits of detection. Hence, Ag nanoparticles are generally located on the ZnO surface that has been proved by FESEM, TEM and UV-vis techniques.
The phase purity of the samples was confirmed by XRPD analysis, although the residual traces of PVP were detected by Raman analysis in Ag/ZnO samples. Note that Raman spectroscopy provides a higher sensitivity to research the surface of nanomaterials especially in the presence of Ag nanoparticles [44] , leading to the appearance of Raman features originated from the sample components with extremely low concentration. However, from our previous work [11] , it was concluded that the presence of these traces impurities in prepared ZnO samples had a minor or no influence on their photocatalytic activity. It should be mentioned that XRPD and Raman analysis indicate that the commercial ZnO is probably more disordered than prepared ZnO samples which resulted in the decrease of photocatalytic activity of the commercial ZnO.
The differences between certain samples were established after UV-vis, BET and photocatalytic measurements. All ZnO samples showed good optical absorption behaviour. Pure ZnO powders showed light UV absorption while the modification with Ag enhanced the visible light absorption ability due to the SPR and thus increased the photocatalytic activity [13, 14] . On the other hand, a systematic change of photodegradation of RO16 (Fig. 13 ) depending on the band gap (Table 1) , with increasing Ag amount, was not observed. It can be concluded that Ag content was not the primary factor in photocatalytic efficiency and with a very low Ag content one can achieve the desired photocatalytic effect.
Some previous studies [17, 20, 26] suggested that Ag traps electrons, reduces the recombination of photogenerated electrons (e The photodegradation rate increases as Ag content is increased up to the 1.5 mol% of Ag and then decreases with further increase of Ag content in the Ag/ZnO samples (Fig. 13) . Since the sample 0.75% Ag/ZnO had a very similar activity as the 1.5% Ag/ZnO it should be recommended for the future research from the economical aspect. The optimal amount of metal can become the center for trapping electrons, while redundant amount of metal can become the center for recombining electron-hole pairs [12, 56] . The significant decrease in the photodegradation with 3% and 6% Ag/ZnO can also be ascribed to the reduced amount of dispersed surface particles available for degradation probably due to the cluster formation with increased addition of Ag onto ZnO surface. With the high Ag content, the size of the Ag clusters became too large for blocking the light to reach on the ZnO surface and occupy the active sites for the desired photocatalytic reactions [32] . Although 6% Ag/ZnO sample possesses larger surface area and slightly lower band gap value than other Ag/ZnO samples, it showed around 30 minutes slower decolourisation of RO16 comparing to the best prepared photocatalysts. This is probably due to the presence of larger Ag particles.
The obtained results clearly indicate that there is a proper content and critical particle size of Ag for the improvement of photocatalytic efficiency of ZnO [12, 54, 56] . Similar behaviour is observed in previous studies, but with the optimum Ag content of around 1% for Brilliant blue [22] , 5% for Methyl Orange [17] and 6% of Ag for Rhodamine B dye [56] .
Generally, photocatalytic properties of ZnO-based materials usually depend on the crystallinity and crystallite size, phase composition, particle size, morphology and pore sizes, surface area, band gap energy, availability of active sites, number and the nature of trapped sites, as well as on adsorption/desorption characteristics [57] . Among all the samples, the 1.5% and 0.75% Ag/ZnO have performed the highest efficiency in degradation of RO16. This could not be related to the often cited properties as preferable in photocatalysis, such as small particle size and large specific area. In fact, neither their crystallites were the smallest, nor the specific surface area of these samples was the largest nor their band gap was the lowest (Table 1) . In this work, well distribution of Ag nanoparticles seems to be the crucial factor for the highest photocatalytic efficiency rather than the crystallite and particle size or surface area that has been mentioned previously [57] . Besides, the improved efficiency in photodegradation of the large molecule of RO16 (with the longest dimension estimated as 2.3 nm) can also be caused by an increase of median pore radius with the decrease of Ag content in the Ag modified samples. For example, the ZnO with 6% of Ag had the lowest median pore radius and lower photocatalytic activity than the best prepared photocatalysts (1.5 and 0.75% Ag/ZnO) with the highest median pore radius.
It is hard to compare the individual studies of photocatalytic activity, because they are performed under quite different conditions such as irradiation source, solution concentration, catalyst content, pH solution, etc. Some of them use very aggressive conditions, like powerful light sources and/or extremely short distances away from the dye solution. Nevertheless, the rate constants are often in the same order of magnitude as our results [10, 24] . Studies that use quite similar conditions as ours for the degradation of RO16 by other photocatalysts are scarce. The pseudo-first order rate constants for the 1.5% Ag/ZnO and 0.75% Ag/ZnO are slightly higher than the published results on photodegradation of RO16 by commercial Degussa Aeroxide TiO 2 P25 [49] , where RO16 was irradiated under the most similar conditions as in this study.
Some previous studies dealing with Ag/ZnO nanocatalysts reported contradictory results. For many azo dyes they showed the enhancement of photocatalytic activity, while for some others act as inhibitor compared to the unmodified ZnO [25, 26] . Besides already mentioned reasons for their different activity, molecular structure of dyes should also be taken into account. Above all, in order to provide some deeper insight into this behaviour of Ag/ZnO it is necessary to analyze several azo dyes under the same conditions. For these reasons, photodegradation of various dyes using 0.75% Ag/ZnO is strongly recommended for further investigations. It could help to resolve above mentioned opposite results for other dyes.
V. Conclusions
In this work, the unmodified and Ag modified mesoporous ZnO nanopowders have been successfully synthesized through a simple solvothermal method. The results showed that the crystallite and particle sizes were very similar, and around 20 nm for all prepared samples. The Ag modification on the ZnO nanocrystals significantly improved its photocatalytic degradation of RO16 dye. The removal of RO16 dye followed the pseudo-first kinetic order according to the Langmuir-Hinshelwood model. The samples containing 1.5 and 0.75 mol% of Ag, demonstrated the best photocatalytic degradation of RO16 textile dye. These photocatalysts completely decolorized RO16 dye, around 2 times faster than the commercial ZnO. According to FESEM, this is probably due to the small and well distributed Ag nanograins over ZnO nanoparticles in the case of these two samples. The specimen containing 0.75 mol% of Ag had a negligibly lower photoactivity than the 1.5% Ag/ZnO sample, and it is recommended for further research in terms of economy. In summary, the photocatalytic activity of the prepared ZnO materials does not depend much on surface area, but it depends on the median pore radius, band gap and mainly on distribution of Ag. Due to all these reasons, the photocatalytic degradation of textile effluent assisted with Ag modified ZnO materials might be an efficient method and environmentally friendly for water treatment.
